1. Introduction {#sec1}
===============

Infectious diseases remain the leading cause of death worldwide, and bacteria have become more resistant to conventional antibiotic in recent years \[[@B1]\]. The number of resistant pathogenic bacteria grows at an alarming rate worldwide, and the search for novel antimicrobial agents from medicinal plants to combat such pathogens has become crucial for avoiding the emergence of untreatable bacterial infections \[[@B2], [@B3]\].

Bacterial infections have been known to generate extensive formation of free radicals \[[@B4]\]. The role of free radicals and active oxygen is becoming increasingly recognized in the pathogenesis of the many human diseases, including cancer, neurodegenerative diseases, ageing, and atherosclerosis \[[@B5]\]. Free radicals can also cause lipid peroxidation in foods that leads to their deterioration. Synthetic antioxidants, such as butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT), are suspected of carcinogenicity and of hormonal perturbation \[[@B6], [@B7]\]. Therefore, the search for natural antioxidants has been greatly intensified in recent years.

In continuation of our earlier studies on the pharmacological properties of Malaysian plants \[[@B8]\], this study was undertaken to screen the phytochemical composition, antimicrobial and radical scavenging activities of different extracts of *Canarium patentinervium*Miq. *Canarium patentinervium*Miq. belongs to the family of Burseraceae best known for producing resins of economic, medicinal, and cultural values such as frankincense, myrrh, and copal \[[@B9]\]. This family consist of 18 genera and 700 species of trees \[[@B10]\]. In the Asia-Pacific region, about 20 species of Burseraceae are used to heal wounds and to treat skin infections \[[@B11]\]. One such species is *Canarium patentinervium*Miq. which has been used to heal wounds in Malay traditional medicine. Furthermore, no pharmacological and phytochemical studies have been reported on this species to date.

2. Materials and Methods {#sec2}
========================

2.1. Plant Material {#sec2.1}
-------------------

The leaves and barks of *Canarium patentinervium*Miq. were collected from one individual tree in April 2010 from Bukit Putih, Selangor, Malaysia (3°5′24′′ N 101°46′0′′ E). The plant was identified by Mr. Kamaruddin (Forest Research Institute of Malaysia). A herbarium sample (PID 251210-12) has been deposited in the Forest Research Institute of Malaysia. The leaves and barks were air dried and grinded into small particles using an industrial grinder.

2.2. Chemical and Reagents {#sec2.2}
--------------------------

1,1-diphenyl-2-picryhydrazyl (DPPH) was purchased from Aldrich. Sodium chloride, ascorbic acid, ferric chloride, and glacial acetic acid were purchased from Systerm. Mueller Hilton agar (Hi media, India), tryptic soy broth, and tryptic soy agar were purchased from (Bacto), hexane and chloroform were purchased from Friendemann Schmidt Chemicals. Methanol and ethanol 95% was purchased from Kollin Chemicals. Bovine gelatin powder and DMSO were from R&M Marketing, Essex UK. Antibiotics streptomycin and ampicillin were purchased from Sigma Aldrich, Germany and Amresco, Ohio, USA respectively.

2.3. Extraction {#sec2.3}
---------------

Dried and grinded sample of leaves (2.8 kg) and barks (1.7 kg) were soaked in hexane with the ratio of 1 : 3 parts of sample to solvent for 2 h in a 60°C water bath, then filtered and concentrated with a rotary evaporator (Buchi, R-200 Switzerland). This was repeated 3 times. Thereafter, the leaves and barks were left to air dry completely for 3 days before repeating the whole process with chloroform, and then ethanol, respectively. The yield for the hexane, chloroform and ethanol extract of leaves were 1.25%, 1.11%, and 6.45%, respectively. The yield for the hexane, chloroform, and ethanol extract of barks were 1.04%, 0.4%, and 2.61%, respectivetly. Crude extracts were kept at −20°C until further use.

2.4. Preliminary Phytochemical Analysis {#sec2.4}
---------------------------------------

Qualitative phytochemical analysis of the crude extract was determined as follows \[[@B12], [@B13]\].

Alkaloids200 mg of the extract was dissolved in 10 mL of methanol and heated on a boiling water bath with 2 N HCl (5 mL). After cooling, the mixture was filtered and the filtrate was divided into two equal portions. One portion was treated with a few drops of Mayer\'s reagent and the other with equal amounts of Wagner\'s reagent. The samples were then observed for the presence of turbidity or precipitation. A (+) score was recorded if the reagent produced only a slight opaqueness; a (++) score was recorded if a definite turbidity, but no flocculation was observed, and a (+++) score was recorded if a definite heavy precipitate or flocculation was produced.Mayer\'s reagent. Solution I: 1.36 g HgCl~2~ was dissolved in 60 mL water. Solution II: 5 g KI was dissolved in 10 mL water. Both solutions are combined and diluted with water to 100 mL. If alkaloids are present a white to yellowish precipitate will appear.Wagner reagent. 1.27 g I~2~ (sublimed) and 2 g KI was dissolved in 20 mL water, and water is made up to 100 mL. A brown precipitate indicates the presence of alkaloids.

Flavonoids40 mg plant material was dissolved in 2 mL ethanol and filtered. The filtrate was treated with a few drops of concentrated HCl and magnesium turnings (0.5 g). The presence of flavonoids was indicative if pink or magenta-red color developed within 3 min.

SaponinsAbout 2.5 g of the plant material was extracted with boiling water. After cooling, the extract was shaken vigorously to froth and was then allowed to stand for 15--20 min and classified for saponin content as follows: (no froth = negative; froth less than 1 cm = weakly positive; froth 1.2 cm high = positive; and froth greater than 2 cm high = strongly positive).

TanninsAbout 10 mg of extract was dissolved in 6 mL of hot distilled water and filtered. The solution is divided in three test tubes. To the first 0.9% sodium chloride solution was added, to the second 0.9% sodium chloride and 1% gelatine solution was added, and to the third ferric chloride (FeCl~3~) was added. Formation of a precipitate in the second treatment suggests the presence of tannins, and a positive response after addition of FeCl~3~ to the third portion which will result in a characteristic blue, blue-black, green, or blue-green color supports this inference.

Sterols (Salkowski Reaction)40 mg of extract was dissolved in 2 mL of chloroform and filtered. The filtrate was then added to 1 mL of concentrated H~2~SO~4~. The presence of sterols was indicated by the 2 phase formation with a red color in the chloroform phase.

2.5. Antimicrobial Assay {#sec2.5}
------------------------

### 2.5.1. Bacterial Strain {#sec2.5.1}

*In vitro* antimicrobial activity was examined for hexane, chloroform, and ethanol extracts of *Canarium patentinervium*Miq. The following bacterial strains were employed in the screening: Gram-positive bacteria such as *Staphylococcus aureus*(ATCC 11632), *Bacillus cereus* (ATCC 10876), methicillin-resistant*Staphylococcus aureus*(ATCC 43300), and Gram-negative bacteria such as *Escherichia coli* (ATCC 10536) and *Pseudomonas aeruginosa*(ATCC 10145).

### 2.5.2. Disc Diffusion Assay {#sec2.5.2}

The tests were performed using Mueller Hilton medium for bacterial strains using disc diffusion method following the National Committee for Clinical Laboratory Standards methods \[[@B14], [@B15]\]. The sterile petri dishes containing solid and sterile Mueller Hilton agar medium (HiMedia) were used. Sterile paper disc (6 mm) was saturated with 10 *μ*L of sample at a concentration of 1 mg/disc and allowed to dry for 24 h. The bacterial suspension which was prepared from a 24 h culture using tryptic soy broth (Bacto) was adjusted to an inoculation of 1 × 10^8^ cfu/mL. Turbidity at 625 nm was adjusted with 0.9% sterile normal saline. The dried surface of the Mueller Hilton agar plate was streaked, and dried discs were placed per petri dish in triplicates. The plates were then incubated at 35°C for 24 h. Positive and negative controls were performed for every test. For each plate negative controls were maintained where pure solvents were used instead of extract. Positive control was ampicillin and streptomycin. Microbial growth was determined by measuring the diameter of the zone of inhibition with a caliper. The inhibition zones would thus include disc size of 6 mm. The experiment was done three times, and the mean values are presented.

2.6. DPPH Assay {#sec2.6}
---------------

The DPPH assay, as described by Juan-Badaturuge et al. \[[@B16]\], was employed to determine the radical scavenging activity of the plant extracts. Aliquots of plant extract dissolved in dimethyl sulfoxide (DMSO, R&M) were plated out in triplicate in a 96-well microtiter plate. The 0.1 mM DPPH solution (Aldrich) was added to alternating columns of the test samples and methanol for control of test samples, in the remaining columns. The plate was shaken for 2 min and incubated for 30 min in the dark. The percentage decolourisation was obtained spectrophotometrically at 550 nm using the Thermo Scientific Varioskan Flash microtiter plate reader, linked to a computer equipped with (SkanIt Software 2.4.3). Percentage decolourisation was plotted against the concentration of the sample, and the EC~50~ values were determined using Prism 5.00 software. Vitamin C (l-ascorbic acid) was used as positive control. At least, three independent tests were performed for each sample. The DPPH absorbance decreases with an increase in DPPH radical scavenging activity. This activity is given as percent DPPH radical scavenging, which is calculated with the equation: DPPH radical scavenging activity (%) = \[(Abs~control~ − Abs~sample~)/(Abs~control~)\] × 100 where Abs~control~ is the absorbance of DPPH radical + methanol and Abs~sample~ is the absorbance of DPPH radical + sample extract/standard.

2.7. Statistical Analysis {#sec2.7}
-------------------------

Concentration-response curves were calculated using the Prism software package 5.00 for Windows, GraphPad Software, San Diego, Calif, USA, <http://www.graphpad.com/> (GraphPad, San Diego, Calif, USA) and data were reported as mean and SD values obtained from a minimum of three determinations. Nonlinear best fit was plotted with SD and 95% confidence interval.

3. Results and Discussion {#sec3}
=========================

3.1. Preliminary Phytochemical Analysis {#sec3.1}
---------------------------------------

Phytochemical analysis of *Canarium patentinervium*Miq. ([Table 1](#tab1){ref-type="table"}) revealed presence of tannins and flavonoids in the ethanol extract of leaves and barks. Triterpenoids can be divided into at least four groups of compounds, namely, true triterpenes, steroids, saponins, and cardiac glycosides \[[@B17]\]. Steroids were detected in the ethanol extract of leaves and all tested bark extracts.

3.2. Antimicrobial Activity {#sec3.2}
---------------------------

The antibacterial activity of six extracts of *Canarium patentinervium*Miq. was evaluated ([Table 2](#tab2){ref-type="table"}). The extracts were screened for activity against Gram-positive bacteria (*Staphylococcus aureus*, MRSA, and *Bacillus cereus*) and Gram-negative bacteria (*Escherichia coli* and *Pseudomonas aeruginosa*) by agar disc diffusion method. The ethanol extract of leaves and the hexane extract of bark displayed remarkable antibacterial activity against both Gram-positive bacteria and Gram-negative bacteria. The best sensitivity to the ethanol extract of the leaves at 1 mg/disc was, respectively, obtained against *Staphylococcus aureus*(12 mm), MRSA (12 mm)*, Bacillus cereus*(10 mm), and *Pseudomonas aeruginosa*(11 mm). The chloroform extract of leaves and barks and the hexane extract of leaves showed no activity.

3.3. Antioxidant Activity {#sec3.3}
-------------------------

DPPH is a stable free radical which accepts an electron or hydrogen radical to become a stable diamagnetic molecule, which is widely used to investigate radical-scavenging activity. In DPPH radical-scavenging assay, antioxidants react with DPPH, and convert it to yellow coloured *α*,*α*-diphenyl-*β*-picryl hydrazine. The degree of discolouration indicates the radical-scavenging potential of the antioxidant activities \[[@B18]\]. In this test, the ethanol extract of leaves and barks exhibited profound antioxidant activities ([Figure 1](#fig1){ref-type="fig"}). The antioxidant activities were highest for ethanol extract of barks (77.80 ± 0.01%) followed by the ethanol extract of leaves (65.80 ± 0.01%), the hexane extract of leaves (38.90 ± 0.02%), the chloroform extract of barks (8.00 ± 0.02%), the hexane extract of barks (5.00 ± 0.01%), and the chloroform extract of leaves (3.00 ± 0.01%) against standard ascorbic acid which was (97.90 ± 0.00%) at the dose of 10 *μ*g/mL ([Table 3](#tab3){ref-type="table"}). The EC~50~ (*μ*g/mL) for the ethanol extract of barks (2.33 *μ*g/mL) and leaves (2.93 *μ*g/mL) were as good as ascorbic acid (1.88 *μ*g/mL).

4. Conclusion {#sec4}
=============

Plant substances continue to serve as a wellspring of drugs for the world population, and severalplant-based drugs are in extensive clinical use \[[@B19]\]. In the present study, antibacterial screening of six extracts of *Canarium patentinervium*Miq. showed varying degrees of antibacterial activity against human pathogenic bacteria such as *Staphylococcus aureus*, MRSA, *Bacillus cereus,*and*Pseudomonas aeruginosa*cultured*in vitro*. Out of six extracts, the ethanol extract of leaves and hexane extract of barks exhibited significant antibacterial activity against both Gram-positive and Gram-negative bacteria. This is of special interest since most Gram-negative bacteria are more resistant to plant extracts \[[@B20]\].

The antioxidant activity reflected by the DPPH radical scavenging assay was clearly observed in the ethanol extracts of barks and leaves. Results from our phytochemical analysis revealed that the ethanol extract of leaves and barks of *Canarium patentinervium*Miq. accumulate substantial amounts of flavonoids and tannins which could be well correlated with the activities measured. We shall conduct further work to isolate the antioxidant and antibacterial constituents of the plant and evaluate their minimum inhibitory concentration (MIC).

The authors are grateful to Radha Krsna and Mr. Kamaruddin (FRIM) for plant identification.
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###### 

Preliminary phytochemical analysis of the crude extract of *Canarium patentinervium* Miq.

  Sample   Alkaloids   Flavonoids   Saponins   Tannins   Steroids
  -------- ----------- ------------ ---------- --------- ----------
  LH       −           −            −          −         −
  LC       −           −            −          −         −
  LE       −           +++          −          +++       +++
  BH       −           −            −          −         +++
  BC       −           −            −          −         ++
  BE       −           +++          −          +++       +++

LH: leaf hexane extract, LC: leaf chloroform extract, LE: leaf ethanol extract, BH: bark hexane extract, BC: bark chloroform extract, BE: bark ethanol extract, and −: negative, +: trace, ++: positive, and +++: strongly positive.

###### 

Antibacterial activity of *Canarium patentinervium*Miq. (1 mg/disc) versus ampicillin and streptomycin (1 *μ*g/disc) against 5 bacterial species tested by disc diffusion assay.

  Plant extract     Zone of inhibition (mm)^a^                                         
  ----------------- ---------------------------- ------------ ------------ ----------- -------------
  LH                ---                          ---          ---          ---         ---
  LC                ---                          ---          ---          ---         ---
  LE                12.0 ± 0.2                   10.0 ± 0.4   12.0 ± 0.3   ---         11.0 ± −0.3
  BH                11.0 ± 0.3                   9.0 ± 0.3    12.0 ± 0.5   ---         12.0 ± 0.5
  BC                7.0 ± 0.3                    ---          ---          ---         ---
  BE                9.0 ± 0.6                    9.0 ± 0.0    ---          ---         ---
  Ampicilin^b^      10.0 ± 0.7                   8.0 ± 0.0    ---          7.0 ± 0.0   ---
  Streptomycin^b^   7.0 ± 0.1                    11.0 ± 0.5   7.0 ± 0.1    ---         ---

LH: leaf hexane extract, LC: leaf chloroform extract, LE: leaf ethanol extract, BH: bark hexane extract, BC: bark chloroform extract, BE: bark ethanol extract, ^a^: inhibition zones are the mean including disc (6 mm), ^b^: ampicillin and streptomycin at 100 *μ*g/mL = 1 *μ*g/disc, and ---: no activity noted, that is, inhibition zone of 6 mm.

###### 

DPPH radical scavenging activity at 10 *μ*g/mL of extract.

  Extracts   \% DPPH radical scavenging
  ---------- ----------------------------
  LH         38.90 ± 0.02
  LC         3.00 ± 0.01
  LE         65.80 ± 0.01
  BH         5.00 ± 0.01
  BC         8.00 ± 0.02
  BE         77.80 ± 0.01
  AA         97.90 ± 0.00

LH: leaf hexane extract, LC: leaf chloroform extract, LE: leaf ethanol extract, BH: bark hexane extract, BC: bark chloroform extract, BE: bark ethanol extract, and AA: ascorbic acid
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